A modified method of glutaraldeyde-osmium tetroxide fixation was adjusted to characterize the ultrastructure of Candida albicans pleomorphic forms, using phase-contrast microscopy, scanning electron microscopy and transmission electron microscopy. e discovered morphological criteria defining the individual morphotypes are discussed in terms of mycological and histopathological diagnostics of candidiasis. e relations are discussed between fungal pleomorphism, virulence and susceptibility of di erent morphotypes to fungicides. K e y w o r d s: Candida albicans, diagnostics, morphotypes, ultrastructure
Introduction
Candida albicans exists in di erent morphotypes. From the evolutionary point of view the round blastoconidia are adjusted to a uid medium where the round single cells can be easily disseminated through micro streaming. On the contrary, the mycelium building true hyphae and pseudohyphae are adjusted to grow into solid and half solid substrates. All these morphotypes are adaptations to maximal exploitation of nutrition elements from uid and solid substrates (Müller and Melchinger, 2006) . On the other hand, these morphotypes are also related to virulence and fungicidal resistance of C. albicans clinical isolates (Salfelder et al., 1990; Kurzątkowski et al., 2010; Staniszewska et al., 2010) .
Candida albicans is an opportunistic pathogen (Okawa et al., 2007; Raška et al., 2007; Netea et al., 2008; Nguyen et al., 2011) . is fungus exist in few morphological phenotypes, which are genetically determined and therefore the exactly defined criteria of these morphotypes will provide important attributes in the mycological and histopathological diagnostics of candidiasis. At present, ultrastructural attributes of these morphotypes should be completed. So far released publications suggest that the extremely thick and compact cell wall of C. albicans prevents the cytoplasm fixation hampering the ultrastructure presentation (Müller and Melchinger, 2006) and therefore for this yeast a novel and better adjusted method should be employed.
is experimental study was designed to provide some exact ultrastructural criteria defining C. albicans morphotypes using a novel modified method of glutaraldehyde-osmium tetroxide fixation.
Experimental Material and Methods
Strain. e Candida albicans 82 clinical strain examined in this experimental program was isolated from a blood sample taken from a three-years-old child treated for an ependymoma anaplasticum. e strain was identified using: CHROMagar Candida (BioMèrieux) (Staniszewska et al., 2011b) , API23C AUX (BioMèrieux, Lyon, Marcy-l' Etoile, France) (Staniszewska et al., 2011a) and genetic procedures (in preparation). e investigated strain created pleomorphic cells viable under phasecontrast microscopy (Docuval, Carl Zeiss, Jena) (Sta niszewska et al., 2011a), scanning electron microscopy (SEM Quanta-200, FEI, Czech Republic) Staniszewska et al., 2011b) and transmission electron microscopy (TEM Zeiss EM LIBRA 120, Carl Zeiss, Germany) . Induction of blastoconidial forms in YEPD medium. A single colony of blastoconidia grown on Sabouraud medium was inoculated in 5 ml of YEPD (Ness et al., 2010) liquid medium (pH 5.7) and the culture was incubated at 30°C for 18 h (stationary phase) to a final concentration of: 1.5 × 10 7 CFU ml -1
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, estimated using the omas Chamber under a phase-contrast microscopy.
Induction of pseudohyphae in 5% human serum. e human serum was obtained from healthy volunteers (Institute of Hematology and Transfusion Medicine in Warsaw) as a kind gi from Ph.D. G. Smoleńska-Sym. e serum was filtered using Millex filter with 0.45 μm millipore membrane (Millipore, Carrigtwohill, Ireland) . e filtered serum was diluted with sterile distilled water to a final concentration of 5%. Fi y μl of blastoconidial cells (stationary phase) of the strain C. albicans 82 grown on YEPD medium were added to Eppendorf vials containing diluted human serum (500 μl, pH 8.0-8.2). To examine the transfer of blastoconidia into pseudohyphae incubation was conducted at 37°C for 48 h.
Induction of germ tubes and true hyphae in undiluted human serum. Fi y μl of blastoconidial cells (stationary-phase) of the analysed strain C. albicans 82 grown on YEPD medium were added to Eppendorf vials containing filtered undiluted human serum (500 μl, pH 7.1-7.4). To examine the transfer of blastoconidia into filaments, incubation was conducted at 37°C for the following period: 1-18 h.
Phase-contrast microscopy. Pleomorphic cells were washed once with sterile water and then suspended in 500 µl of water. Ten µl of the suspension were pipetted onto slide and a coverslip was placed over the sample, and then examined under the phase-contrast micro scopy (Staniszewska et al., 2011a) .
Transmission and scanning electron micro scopy. Blastoconidia, germ tubes, pseudohyphae and true hyphae (5 ml of cultures) were harvested by centrifugation at 1600 g for 5 min (MPW-360; Mechanika Precyzyjna, Warsaw, Poland). e pellets were used to prepare samples for transmission electron microscopy and scanning electron microscopy. Preparation for transmission electron microscopy was performed as described previously (Kuryłowicz et al., 1980) with the exception of the fixation methods which were conducted in 3.5% or 4.5% glutaraldehyde (Sigma-Aldrich, Milwaukee, WI, USA) for 6 h at 2°C, and then continued with 1.2% osmium tetroxide (Sigma-Aldrich, Milwaukee, WI, USA) solution for 2 h. All samples were dehydrated in increasing concentrations of ethyl alcohol and embedded in Epon 812 (Serva-Electrophoresis, Heidelberg, Germany) at room temperature. e blocs were polymerized at 37°C for 24 h and at 65°C for 48 h, and cut on LKB III Ultra Microtome (Diversified Equipment, Inc., Lorton, VA, USA). e sections were stained with uranyl acetate solution and then treated with Reynold's reagent (Serva-Electrophoresis, Heidelberg, Germany). e ultra thin sections were examined under transmission electron microscopy JOEL, JEM1220 (Tokyo, Japan).
Scanning electron microscopy (FEI QUANTA 200, Hillsboro, OR, USA) was conducted as described previously . e samples were coated with a gold film (thickness approximately 20 nm) under vacuum in an argon atmosphere using a sputter coater (Emscope SC500, Island Scientific Ltd, Isle of Wight, Ventor, UK) prior to SEM analysis. 
Morphology index (Mi

Results
Candida albicans cells exhibit typically eukaryotic ultrastructure, i.e.: nucleus, endoplasmic reticulum, Golgi cisternae and mitochondria. Depending on the cultural conditions this fungus is able to develop the following pleomorphic forms: blastoconidia, germ tubes, pseudohyphae and true hyphae. Classification of morphotypes based on Mi value is presented in Table I . e morphological attributes of these forms are di erent. (Figure 1 ). Massive cell wall of this morphotype is abundantly covered with fibrous material (Figure 1b ). e breakable septum is composed of the mother cell wall and a thinner daughter layer (Figure 1c ). Using our modified fixation method in the cytoplasm a telophase plasmodial nucleus was documented (Figure 1d ). Pseudohyphae can be characterized as chain of elongated budding blastoconidial cells with fragile septa. Pseudohyphae develop directly from blastoconidia or as branches of true hyphae (Figure 2a) . e true hyphae grow from adhesive blastoconidia which build a er 1 h of cultivation conglomerates of germ tubes. Polar germination of blastoconidia is a characteristic attribute initiating the growth of true hyphae. A er 2 h of cultivation the length of the radiate extending true hyphae ranges from 5 to 7 μm and between 3-6 h from 10 to 15 μm. Finally at 18 h of cultivation the radiate arranged true hyphae build massed conglomerates of about 700 μm (average of 25 measurements in diameter) (Figure 2b) .
In a distance of about 70 μm from the apex of the conglomerate building true hyphae young cells are located. In a further range of the hyphae mature and senescent cells with large vacuoles are visible (Figure 3a) . Generally, in comparison with blastoconidial mother cell the surface of hyphal part of germ tube is less covered with fibrous material (Figure 3b ). e massive true hyphal septum fast joined with the cell wall is located in the place of the strongest mechanical stability.
e massive septum is a cellular linking binder which is responsible for the extreme durability of the true hyphal structure (Figure 3c ). In the examined cultivation conditions until 18 h of growth budding of true hyphae is very less noticeable. A er this period of cultivation in protein exhausted human serum the true hyphae begin the processes of budding or pseudohyphae branching. Privileged areas for these processes are the cytoplasm regions located at the poles of the elongated true hyphal 
Discussion
e high frequency of occurrence of candidiasis as well as the high mortality of patients with immunosuppression cause a tendency toward better understanding of C. albicans virulence factors and developing sensitive and specific diagnostic methods, and appropriate strategies for candidiasis treatment. Diagnostics of mycoses is based on microscopic, microbiological, serological (detection of antigens and antibodies) as well as molecular methods (Woods and Schnadig, 2003; Przyjałkowski, 2006) .
Patients deficient in antibody immune response value and titer give frequently false negative results (Warzocha and Seferyńska, 2006) . Moreover, lack of characteristic symptoms in this group of patients impairs recognition of fungal infection based on the clinical picture (Stradomska, 2006) . Interpretation of microbiological or molecular results should be correlated with occurring clinical symptoms.
In many cases, obtaining a positives result from a direct clinical material preparation is the only certain way of recognizing mycoses (Warzocha and Seferyńska, 2006) . erefore, the discrimination of the morphological elements of all C. albicans pleomorphic forms is indispensable in the mycological and histopathological diagnostics of fungal infections caused by C. albicans (Müller and Melchinger, 2006) . At present, precise criteria should be completed in the medical mycological literature. Despite multiple experimental results published so far, the ultrastructure of C. albicans pleomorphic forms has not been sufficiently studied.
Previous ultrastructural analyses of C. albicans pleomorphic forms encountered difficulties (Müller and Melchinger, 2006) . It is the reason of noticeable lack of precise ultrastructural characteristics of C. albicans ultrastructure, including: Spitzenkörper (Crampin et al., 2005) , organization of mitosis (interphase, prophase, metaphase, anaphase, telophase), process of budding or branching, privileged areas of budding, exact features of breakable blastoconidial septum and massive true hyphal septa, occurrence of Woronon bodies, fibrillar surface of the cell wall of particular morphotypes, organization of the endoplasmic reticulum and Golgi-like structures (vesicles, cisternae), structure of biofilm and structural formation and organization of the so-called "Candida fungus ball" (Salfelder et al., 1990; Dignani et al., 2003) , relations between ultrastructural characteristics and the virulence of pleomorphic forms.
e main goals of our experimental program was to search for ultrastructural characteristics of C. albicans pleomorphic forms using phase-contrast microscopy, scanning electron microscopy and transmission electron microscopy using improved 4,5% glutaraldehyde pre-fixation method. In this paper some of the characteristics of morphotypes were discussed in terms of diagnostics, virulence of particular pleomorphic forms and sensitivity to disinfectants or antimycotics.
e findings of our study provided precise criteria of C. albicans morphotypes i.e.: precise criteria of breakable septa typical for blastoconidia and pseudohyphae, exact features of massive septa characterizing true hyphae, privileged areas of budding or branching, relations between the cultivation conditions and growth of particular pleomorphic forms, fibrous appearance at the outer surface of the cell wall of di erent morphotypes, cellular and hyphal organization of mycelium-like aggregates. Additionally, using our modified method of glutaraldehyde fixation some ultrastructural attributes were documented, e.g. the telophase nucleus.
e previously elaborated methods for the growth of individual morphotypes allowed us to estimate some virulence features of C. albicans pleomorphic forms, such as: profiles of enzymatic activity using the api® ZYM test , expression of aspartic protease isoenzymes Sap1-3 and Sap4-6 using immunoelectron microscopy and immuno uorescence microscopy (immunolabelling). In comparison with blastoconidia the immunomarker of aspartic protease isoenzymes increased two times in germ tubes and four times in both pseudohyphae and true hyphae.
Biofilm-similar structures and other types of massed growth were also analyzed previously (in preparation).
e so called "fungus ball" of C. albicans massed growth Fig. 4 . Candida albicans 82, fixation with 3.5% glutaraldehyde, 1.2% osmium tetroxide fixation. e cytoplasm is poorly visible. e novelty of our study is the elaborated fixation method, i.e. 4.5% instead of 3.5% glutaraldehyde continued with 1.2% osmium tetroxide. e improved method allowed the presentation of the ultrastructural details described in 1b, 1c, 3b, 3c was described in di use parietal mycotic endocarditis. e "fungus ball" was located in the right heart ventricle and pulmonary artery of a dehydrated infant which received intravenous infusions (Salfelder et al., 1990) . Our present observations allowed characterize the conglomerate arrangements composed of radiate extending true hyphae developing in undiluted human serum from aggregates of blastoconidia. e young hyphal cells located at the apex of the true hyphae which are arranged at the periphery of these spherical conglomerates seem to exhibit some enhanced virulence attributes, such as: secretion of aspartic protease isoenzymes, increased activity of tissue degradation (in preparation) and ability to develop micelial aggregates. All these results connected with profiles of enzyme activity, cellular localization and frequency of aspartic protease expression in individual morphotypes and ability to build hyphal conglomerates elucidate the relation between C. albicans pleomorphism and its virulence.
e present study shows that undiluted human serum, the temperature 37°C and pH ≥ 7.0 were preferable to true hyphae formation and a large fraction of the cells were induced to germinate (Fig. 2b and Fig. 3a) . We modified the pH by transferring blastoconidia from YEPD (pH 5.7) into both undiluted (pH 7.1-7.4 ) and diluted (pH 8.0-8.2) human sera. Findings presented in this study are consistent with observations made by other authors (Barnet, 2008; Kruppa, 2009; Noble et al., 2010) . e latter showed that interconversions among the cell types are induced in vitro by modifying the pH, temperature, and/or serum concentration in the growth medium. e morphological transition of C. albicans in response to changing environmental conditions represent a means by which the strain adapts to di erent biological niches (Barnet, 2008) .
Presently little is known about the ultrastructural mode of fungicide action. Our previous investigations using transmission electron microscopy and scanning electron microscopy exhibited the young and very thin cell wall of buds emerging from the blastoconidial poles of C. albicans clinical isolates. At the thin cell wall of buds a collocation of mitochondrion and nucleus at the stage comparable to metaphase/anaphase was documented. Under the action of the following disinfectants: Lysoformine 3000, Medicarine, Incidin Plus, Incidin Liquid Spray and Spitaderm (antiseptic) damage of buds was presented, i.e. peeling of the outer layer of the cell wall, explosion of buds and polar holes in the cell wall. ese results allowed us to suggest that during the antifungal action the blastoconidial buds are neuralgic places of the cell. is suggestion might also explain the reduction levels of viable blastoconidia exposed to the lowest concentrations of disinfectants and antiseptic (according to EN 1275:2005) which were expressed by the data from 6.2 to 7.0 log, and the survivability of the remaining blastoconidia at not budding life cycle. e authors suggested also that the speculation on di erent resistance and strain di erence to the tested fungicides should be rooted in the composition of the especially thick and compact cell wall of C. albicans blastoconidia . e resistance of particular pleomorphic forms to antibiotics is diverse and is a subject of our further investigations.
e conclusions of our work can be summarized as follows: the modified glutaraldehyde pre-fixation method allowed us more exact presentation of the fine structure of C. albicans morphotypes, the presented attributes of morphology of the particular morphotypes will facilitate the mycological and histopathological diagnostics of candidiasis, the discussed results elucidated the virulence of individual morphotypes as well as the ultrastructural mode of fungicides action.
